A graded approach to flow and transport modeling has been used as a cost effective solution to evaluating potential groundwater risk in support of Deactivation and Decommissioning activities at the United States Department of Energy's Savannah River Site. This approach incorporates both simple spreadsheet calculations and complex numerical modeling to evaluate the threat to human health posed by contaminants leaching from decommissioned concrete building slabs. Simple spread sheet calculations were used to produce generic slab concentration limits for a suite of radiological and non-radiological contaminants for a chemical separations area at Savannah River Site. These limits, which are based upon the United States Environmental Protection Agency Soil Screening guidance, were used to eliminate most building slabs from further risk assessment. Of the more than 58 facilities located in the area, to date only one slab has been found to have a contaminant concentration in excess of the area specific slab limit. For this slab, a more rigorous numerical modeling effort was undertaken reducing the conservatisms inherent in the spreadsheet calculations.
INTRODUCTION
The U.S. Department of Energy's (DOE) Savannah River Site (SRS) is an 800 km 2 DOE reservation in southwestern South Carolina. Five nuclear reactors were constructed in the 1950s to produce nuclear materials for national defense, primarily tritium and plutonium-239. Supporting facilities included two chemical separations plants, a heavy water extraction plant, a nuclear fuel and target fabrication facility, a tritium extraction facility, and waste management facilities.
Today the SRS is primarily engaged in the processing of legacy nuclear wastes, environmental cleanup, nonproliferation activities, tritium recycling, and deactivation and decommissioning (D&D) of legacy facilities.
D&D is a major emphasis at the SRS with 700,000 m 2 of radiological and chemical facilities slated for demolition by 2025. Most buildings will be demolished leaving behind only the concrete slab that formed the building foundation.
It is necessary to demonstrate that risk-based criteria have been met for the concrete slab end state. Slabs that pose unacceptable risk are subsequently scabbled or removed entirely to reduce or eliminate the associated risk. Typically, the limiting component of the risk assessment is to determine the potential impacts to groundwater from contaminants leaching from the concrete slabs.
SRS has employed a graded approach as a cost effective solution to evaluating potential groundwater impacts which incorporates both simple spreadsheet calculations and complex numerical modeling to cost effectively evaluate the threat to human health posed by potential impact to groundwater. In most cases, no further analysis is required. However, when concentrations are found that exceed the slab limit for a given analyte, a more rigorous modeling effort is undertaken reducing the conservatisms inherent in the simple screening calculation. In most cases, the more rigorous modeling exercise shows risk levels to be acceptable allowing the concrete slab to be left in place.
This paper describes the graded approach employed at SRS and provides an overview of the screening and rigorous methods used to evaluate potential impacts to groundwater. A case study is presented where the graded approach was successfully used to evaluate potential groundwater impacts from a chemical separations facility at SRS.
METHODS
The graded approach to flow and transport modeling used at SRS There are several simplifying assumptions associated with the model. The most significant is that the concrete slab may be represented as soil. This is a conservative assumption because concrete would be expected to delay the release of contaminants to the environment due to its low hydraulic conductivity and diffusion coefficient compared to most soils. Other assumptions include the contaminants are homogenously distributed throughout the subsurface, the system is at equilibrium, and soil/water partitioning is reversible, instantaneous, and linear in the contaminated zone. VZCOMML © assumes that the receptor well is located at the edge of the source and screened within the plume. Dispersion is not incorporated into the vadose zone flow estimate because in most cases it minimally affects the maximum groundwater concentration.
Lithologic data from F-Area was used to establish the four vadose zone layers allowed by VZCOMML © . Table 2 .
I PORFLOWTM Analysis
Of the more than 58 facilities in F-Area, only one building slab has been found to have a contaminant concentration in excess of the area specific slab limit determined using VZCOMML Several conservative assumptions inherent to VZCOMML © were eliminated the source layer was represented as concrete and the main mechanism for contaminant transport from the slab was diffusion rather than advection.
The conceptual model for the F-Area PORFLOW TM analysis considered the movement of water and contaminants through the facility and vadose zone in two dimensions. The two dimensional model represents a transverse slice through the facility and surrounding porous media (Fig. 2) . 
CONCLUSION
In the graded approach to flow and transport modeling, the VZCOMML © model is used to establish screening level conservative slab limits for comparison to measured concentrations of contaminants of concern. If the measured concentration of a contaminant exceeds the slab limit, a more sophisticated numerical model such as PORFLOW TM can be used and often demonstrates that there is no potential impact to groundwater above drinking water standards. The graded approach to assessing groundwater risk due to contaminants leaching from concrete slabs has been successfully used at SRS to reduce costs and to accelerate the decommissioning schedule. 
